
Introduction
High-latitude ecosystems are experiencing the effects of 
climate change at higher rates than other regions of the 
globe (Corell 2006), making 30% of the terrestrial carbon in 
boreal forest vulnerable (Chapin et al. 2000). Increasing fire 
frequencies and intensities have reduced the productivity of 
boreal forests (Rupp et al. 2002), and declining productivity 
of these systems related to fire and other factors has 
been quantified with remote sensing (Goetz et al. 2005). 
By accounting for changes in boreal forest productivity 
related to interannual variations in weather, performance 
anomalies identified stressed boreal areas (Wylie et al. 2007). 
The performance anomaly approach is applied to boreal 
forests within the Yukon River Basin (Figure 1) using 250 m 
eMODIS data to assess boreal forest areas affected by 
disturbances or other stresses such as a wetting or drying 
system. Underperfroming anomalies were prevelant in fires 
which occurred in the previous decade. Older fires, prior to 
1990, often had increasing trends in performance anomaly 
showing post fire succession and recovery.

Methods
The Normalized Difference Vegetation  Index (NDVI) was 
used as a proxy for vegetation production. The eMODIS NDVI 
products (http://lca.usgs.gov/lca/emodisak/index.php) were 
temporally smoothed to remove residual effects of persistent 
clouds (Swets et al. 2000) from the 7-day NDVI maximum value 
composites. Growing season NDVI (GSN) was derived by 
averaging smoothed NDVI from May 1 to October 1.
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Figure 2. Boreal performance model: 
2000–2005 (n = 15,049, every 10th 
observation shown).

Figure 3. Persistent performance anomalies from 2000 to 2005 and from 
1991 to 2000; fire perimeters are outlined in blue.

Figure 4. Performance anomalies align with fire effects for a 2004 fire (Lower Mouth).

Figure 5. Burn extents beyond fire perimeter are identified by persistent underperforming anomalies (underperform all 3 years 
from 2000 to 2002) and Landsat imagery.

Figure 6. Persistent overperforming anomalies (outlined in dark blue) often occur in protected river bends, oxbows, winding tributary streams, 
and areas of moist soil.

Figure 7. Declining performance anomalies 
linked to 2003 and 2004 fires, which occurred 
late in the time interval studied. Fires from 
1965–2005 are outlined in blue.

A regression tree “boreal performance model” was 
developed to predict GSN from respective years from over 
15,000 random boreal forest pixels which had not previously 
burned and were stratified across productivity gradients and 
across years. The regression tree model had the basic form

GSN = f( site potential, weather)
where GSN and weather were from specific years. Site 
potential was the long-term unburned NDVI as mapped by 
regression trees models (R2 =0.49) from more temporally 
stable variables of permafrost, surface geology, elevation, 
slope/aspect, domain clusters (Saxon et al. 2005), compound 
terrain index, and other datasets (Wylie et al. 2008, 
Figure 1). Monthly weather maps (McKenny et al. 2006) 
for precipitation, maximum temperature, and minimum 
temperature were summarized into seasonal periods, winter, 
early summer, late summer, and fall for the specific years. 
Other weather data included growing degree days and 
precipitation for three months prior to the growing season, 
weeks 1-6 of the growing season, week 7 to the end of the 
growing season, and the total growing season.

Results
The boreal performance model confidence intervals 
were used to determine thresholds for anomalous pixel 
performance relative to weather-based expected values. 
GSN observations greater than the 90% confidence interval 
were considered overperforming anomalies, while those 

Overperformance is harder to validate than 
underperformance, where fires often provide known 
stand replacing disturbances and dates. Postfire boreal 
succession often includes a deciduous shrub or tree 
phase dominated by birch or aspen. This deciduous phase 
may persist in more intense areas of burns where the soil 
organic layer was reduced or eliminated. The red circle 
in Figure 5 is an area which is not related to a known fire 
perimeter but appears to be deciduous dominated both 
in 2001 and 2005 from the Landsat imagery. This area was 
classified as a deciduous forest in the National Land Cover 
Database 2001 (http://www.mrlc.gov) and appears to be a 
historical fire scar.

Persistent overperforming anomalies also occur along bends 
in the Porcupine River (Figure 6) where they are offered 
some protection from fires.

De-trending for interannual weather effects on boreal 
forest systems provides a consistent dataset for trend 
analysis (Y = performance anomaly and X = years). Trends of 
performance anomalies should not reflect trends in weather 
(like droughts) but focus on trends related to disturbance 
and succession. The significant negative trends (negative 
slopes or ecosystem productivity declining over time) are 
associated with fires which occurred during the latter period 
of our analysis (2003 and 2004; Figure 7). Fires that occurred 
prior to the study period (< 2000) show scattered positive 
trends related to postfire succession.

Conclusions
The separation of weather-related effects of vegetation 
improves the understanding of the ecosystem over just 
GSN time series analysis. Not only can the trends and 
persistence of performance anomalies be investigated but 
also the trends and persistence of weather-driven vegetation 
impacts. This approach will identify areas vulnerable to 
transitioning to new steady state systems and can be applied 
(at least for weather-driven impacts) to future climate 
scenarios. This approach provides useful information on 
boreal forest resiliency needed to address climate change 
and changing permafrost in these systems.
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less than the 90% confidence interval were underperforming 
anomalies (Figure 2).

The performance anomalies were mapped for each 
year from 2000 to 2005 by comparing predicted boreal 
performance and actual GSN for each year. Persistent 
anomalies were indentified across the six years (Figure 3). 
Underperforming anomalies which persisted 6 or 5 years 
aligned well with fire perimeters before the study period 
(fires from 1991 to 2000).

Fires that occurred in 2004 and 2003 were dominated by 
underperforming anomalies which persisted two or three 
years between 2003 and 2005 (white color in Figure 3). 
The agreement between the Monitoring of Trends in Burn 
Severity (Landsat) fire perimeter for the Lower Mouth fire 
in the southern Yukon Flats in 2005 is striking (Figure 4). 
Apparently, this fire continued to expand in the late fall of 
2004 when 2004 GSN would be minimally affected by late 
season disturbances.

At a 2003 fire, persistent underperforming for 3 years 
from 2003 to 2005 extended beyond the Bureau of Land 
Management fire database (http://agdc.usgs.gov/data/blm/
fire) perimeter but was verified in 2005 Landsat imagery 
(Figure 5). The fire perimeters are sometimes mapped before 
the fire is entirely out, and in this case, the fire extended 
beyond the perimeter not only at the black oval in Figure 5 
but also in areas west and north of the black oval.
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Figure 1. Long-term boreal forest site potential for the Yukon River Basin of Alaska and Canada.
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